Objective-To investigate a reported association between dental disease and risk of coronary heart disease.
Introduction
In 1989 Mattila et al reported the results of a casecontrol study in which they found a strong association between dental disease and acute myocardial infarction. ' Using an index based on severity of caries, periodontitis, periapical lesions, and pericoronitis they found that patients admitted to hospital for acute myocardial infarction had higher scores on the dental index than matched controls from the population. Given the distribution of scores among their controls, we estimate that people above the upper quartile had at least a twofold higher risk of being admitted to hospital for acute myocardial infarction than did people with a score of zero. This is comparable to the increase of well established risk factors for coronary heart disease, such as cigarette smoking, hypercholesterolaemia, and hypertension. Thus the impact of an increased risk of coronary heart disease associated with poor dental health could be substantial. Because of the potential importance of the association, as well as to overcome methodological limitations of the original study,'56 we analysed data from a prospective study that allowed us to assess the association between dental disease and coronary heart disease.
Subjects and methods
We analysed data from the national health and nutrition examination study I and its epidemiological follow up study.79 From 1971 to 1974, 20 749 subjects were examined in the initial study. The follow up study was restricted to participants from the first study who were 25 to 74 years of age at baseline. All subjects were followed up in 1982. In 1985 only those aged 55 and older at baseline were studied, and in 1986-7 all subjects were followed up again. Information for the follow up study was collected by means of personal interviews, death certificates, and records from hospitals and nursing homes. Over 90% of the study population was successfully traced, with a median follow up of 14 years.
During the baseline examinations the subjects underwent a standardised dental examination. For our analysis we used four measures of dental disease.
(1) Number of decayed permanent teeth.
(2) Periodontal classification: no periodontal disease; gingivitis (with or without pockets); periodontitis (grade 4+ pockets); and no teeth.
(3) Periodontal index. Each tooth was given a score of 0, 1, 2, 6, or 8 depending on the degree of periodontal disease; the index was the arithmetic average of all the teeth that were scored.
(4) Oral hygiene index. Selected surfaces of six teeth were examined and scored for extent of debris and calculus. The amount of debris was scored as 0 to 3 for each tooth surface depending on the extent to which soft debris or stain covered a tooth surface. The amount of calculus was also scored on a scale of 0 to 3 for each tooth surface depending on the degree of supragingival or subgingival calculus covering the tooth surface. The debris scores were totalled and divided by the number of surfaces scored to obtain the debris index. The calculus index was determined similarly. The oral hygiene index was calculated as the sum of the debris and calculus indices.
We used Cox proportional hazards models to compare the incidence of coronary heart disease and total mortality according to the state of dental health at baseline while at the same time controlling for several potential confounding variables.'0 We checked the assumption of proportionality by using graphs of the log-log survivor function. We excluded from the analysis subjects who had a history of heart attack, heart failure, stroke, cancer, or an unknown periodontal classification at baseline. The end points of coronary heart disease we evaluated were mortality (underlying cause of death on the death certificate coded as 410-414 according to ICD ninth revision) and admission to hospital (first admission with discharge diagnoses coded 410-414).
The incidence of coronary heart disease was the primary outcome measure in our analyses. If a person had been admitted to hospital for coronary heart disease we used the date of first admission as the incidence date. If a person died of coronary heart date of death as the incidence date. In addition to the incidence of coronary heart disease we also evaluated associations with total mortality.
In the proportional hazards models we included the potentially confounding variables of age, sex, race, education, marital state, systolic blood pressure, total cholesterol concentration, body mass index, diabetes, physical activity, alcohol consumption, poverty index, and cigarette smoking. The poverty index is the ratio of the total income of the household and a multiple of the total income necessary to maintain a family with given characteristics on a nutritionally adequate food plan. During the baseline examinations only a subsample was asked about history of smoking. Therefore, we used the categories current smoker, former smoker, never a smoker, and unknown in our analyses. We performed additional analyses restricted to subjects whose history of smoking was known at baseline.
Our main analyses were of men and women who were aged 25 to 74 at the baseline examinations. As nearly all of the subjects in the study by Mattila et al were men aged 50 to 60 or younger, we also present results for men who were under 50 at the baseline examinations. The subjects in Mattila's study had all been admitted to hospital for acute myocardial infarction. Therefore we performed additional analyses focusing on acute myocardial infarction (ICD (ninth revision) code 410). The results for acute myocardial infarction were generally similar to those for total coronary heart disease and are not reported separately, although in men younger than 50 the log-log survival curves by periodontal disease tended to converge as duration of follow up increased.
Results
The baseline characteristics of the subjects varied according to severity of periodontal disease (table I) . Subjects with more severe disease were more likely to be men, older, non-white, less educated, unmarried, and smokers. Although the proportion of people who reported having diabetes or high blood pressure increased as severity of periodontal disease increased, some of the increase may be a reflection of the older ages of those with more severe disease. As would be expected, those without teeth at baseline were older than those who had teeth, regardless of periodontal class.
The proportion of subjects with coronary heart disease or who died during follow up was also related to periodontal class (table II) . Total mortality and each of the outcomes of coronary heart disease increased as severity of periodontal disease increased. The highest proportions for each of the outcomes were seen among those who had no teeth at baseline, although differences in age contributed to these results.
In proportional hazards models in which we adjusted for age and several other potential confounders the severity of periodontal disease had a small effect on the risk of coronary heart disease (table III) . Gingivitis did not increase the risk of coronary heart disease, whereas periodontitis or having no teeth increased it by about 25%. When the periodontal index was used as a continuous measure of periodontal disease the relative risk was 1-04 per unit increase in the index. This means that those with the highest periodontal index score of 8 had a relative risk of 1-43 compared with those with a score of 0, and those at the 90th centile of the distribution of the periodontal index (score=5) had a relative risk of 1-25 compared with those below the lowest decile (score=0).
High scores on the oral hygiene index carried a greater risk of coronary heart disease than on the periodontal index (table III) . People with a maximum hygiene index score of 6 had a relative risk of 2-03 compared with those with an index of 0, and those at the 90th centile (score=3) were 1 42 times more likely to experience a coronary heart disease event than were those below the lowest decile (score=0). The amount of dental debris (relative risk= 1-24) and calculus (relative risk=1 19) contributed equally to the increased risk associated with the hygiene index. The number of decayed permanent teeth did not alter the risk of coronary heart disease (relative risk=0 99, 95% confidence interval 0-96 to 1-03).
When we restricted the analyses to subjects whose history of smoking was known the results were similar to the results among all subjects. When no periodontal disease was used as the referent category the adjusted relative risks for coronary heart disease were 0 79 (0 58 to 1-08) for gingivitis, 1 29 (0 87 to 1 70) for periodontitis, and 1 33 (1-02 to 1-73) for no teeth. The adjusted relative risks were 1 06 (1O01 to 1 12) for the periodontal index and 1-13 (0 95 to 1 26) for the oral hygiene index.
The severity of periodontal disease increased the risk of total mortality more than the risk of coronary heart disease (table III) . Compared with subjects with little or no periodontal disease, those with gingivitis were at about 23% higher risk, and those with periodontitis or who had no teeth were at about 50% higher risk of BMJ VOLUME 306 TABLE iv-Adjusted relative risks (95% confidence intervals) * of death from coronary heart disease or admission to hospital and total mortality associated with selected indicators oforal health in men aged 25-49 dying during follow up. The association of periodontal index and total mortality reflects the findings of the periodontal classification; the relative risk was 1-53 for those at the 90th centile compared with those below the lowest decile of the distribution of the index. The oral hygiene index carried about the same level of increased risk for total mortality as for the incidence of coronary heart disease.
When we restricted the analysis to men under 50 at baseline we found a stronger association between periodontal disease and coronary heart disease (table IV). Men with periodontitis or who had no teeth were about 70% more likely to have coronary heart disease than were men with no periodontal disease. Among men with periodontitis the relative risk of death from coronary heart disease (2 86) was greater than the relative risk of being admitted to hospital for coronary heart disease (1-58). A similar difference in relative risks of death from coronary heart disease (3-71) and admission to hospital (1 -46) was seen among those who had no teeth.
Among men under 50 at baseline the periodontal index increased the risk of death from coronary heart disease or admission to hospital (1 -09 per unit increase in the index) (table IV) , with a maximum relative risk of 2-00. A unit increase in the oral hygiene index was associated with a 1-12-fold increased risk of coronary heart disease in younger men.
The number of decayed permanent teeth did not show any association with risk of coronary heart disease among younger men (relative risk= 1l01, 0 94 to 1 10).
Results from analyses restricted to men younger than 50 at baseline whose history of smoking was known were in line with the preceding results. With no periodontal disease as the referent category, the adjusted relative risks for coronary heart disease were 0 93 (0 49 to 1-75) for gingivitis, 1-54 (0-80 to 2 96) for periodontitis, and 2 99 (1-28 to 6 98) for no teeth. The adjusted relative risks were 1-07 (0 94 to 1 22) for the periodontal index and 1 05 (0-85 to 1 29) for the oral hygiene index.
The strongest associations we found were between measures of periodontal disease or oral hygiene and total mortality among men under 50 at baseline (table  IV) . Men with periodontitis had more than a twofold increased risk of dying compared with men who had no periodontal disease at baseline. Young men who had no teeth at baseline had a 2-6-fold increased risk of dying. For the periodontal index the results reflected the findings with the periodontal classification. The oral hygiene index also showed a stronger association with total mortality than with the outcome of coronary heart disease in young men. Young men who had a maximum oral hygiene index of 6 had a risk of dying 3*4 times higher than those who had a hygiene index of 0.
Discussion
Overall we found that periodontal disease was associated with a small increased risk of coronary heart disease. In men under 50, however, periodontal disease was a stronger risk factor; men with periodontitis had a nearly twofold higher risk of coronary heart disease than men who had little or no periodontal disease. In the total population the degree of dental debris and calculus, as reflected in the oral hygiene index, was a stronger risk factor for coronary heart disease than was the severity of periodontal disease. In both the total population and among younger men periodontal disease and oral hygiene were more strongly associated with total mortality than with the incidence of coronary heart disease.
Although providing support for the findings of Mattila et al, our results show a weaker association between dental disease and coronary heart disease. For example, in Mattila's study the highest score on the dental index carried a 10-fold increased risk of acute myocardial infarction relative to the lowest score. Among the younger men in our study the maximum relative risk for coronary heart disease was about 2-0 for both the periodontal index and the oral hygiene index. The dental index in the study by Mattila et al was composed of both severity of periodontal disease and dental caries, suggesting that dental decay may contribute to the risk of coronary heart disease. We found no association between extent of active dental decay and risk of coronary heart disease. Tooth loss in people under 60, however, is usually caused by dental caries." Thus, we cannot rule out the possibility that the increased risk of coronary heart disease among young men with no teeth may have been related to previous dental decay.
The essential question is whether the association between dental disease and coronary heart disease is causal. In the entire study population the associations, particularly with periodontal disease, were weak and may have been due to small biases or residual confounding. The associations we found in younger men, however, were stronger and could not be as readily dismissed. The reason for the stronger association in the younger men is not clear. Similar differences in relative risks between young and old have been observed in studies of other risk factors for coronary heart disease. 1214
A limitation of our study is that we had baseline data on smoking for only a few of the subjects and could not completely control for the potentially confounding effects of cigarette smoking. In analyses restricted to subjects whose history of smoking was known, however, the results were compatible with the overall results. This indicates that residual confounding due to smoking is not likely to explain our findings.
Several factors minimised potential biases in the study. The dental examinations were performed before follow up for disease occurrence and thus there should have been little if any bias in the assessment of oral health. The hypothesis of an association between coronary heart disease and poor oral health was not part of the design or conduct of the original or follow up studies, which would further decrease possible information bias. Selection bias should also have been low because of the high rate of follow up.
For several reasons the retrieval of hospital records was not as complete as that of death certificates in the follow up study,9 and information on admission to hospital may not be as reliable as that for mortality. This may have affected the differences we found in relative risks between mortality and admission to hospital for coronary heart disease among the younger men. Young men with periodontitis had a nearly threefold increased risk of death from coronary heart disease but only about a 50% increased risk of admission to hospital for coronary heart disease. Possibly men with more severe periodontal disease have less access to, or less frequently use or recall use of, health care services. If this is the case, then our relative risks between periodontal disease and admission to hospital for coronary heart disease may underestimate the true risk.
The biological mechanism by which periodontal disease or poor oral hygiene could lead to coronary heart disease is not clearly established. The bacteria which cause periodontitis have been proposed as possible causative agents.' Recent epidemiological studies have found that people with evidence of infection by Chlamydia pneumoniae have an increased risk of coronary heart disease." 16 The possibility that other bacteria, including those commonly associated with periodontal disease, may cause coronary heart disease is currently only theoretical.' 1718
In conclusion, we found an association of coronary heart disease with periodontal disease and other measures of dental disease. Overall, the associations were weak, although not so weak in young men as to be dismissed as unimportant. Perhaps our most noteworthy finding, however, is that periodontal disease and poor oral hygiene are stronger indicators of risk of total mortality than of coronary heart disease. Oral health may be a more general indicator of personal hygiene and health care practices, including access to and use ofhealth care services.
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